An isentropic phase method is described for measuring in vitro the acoustic nonlinearity parameter B/A of several aqueous buffers, protein solutions, lipid oils, and emulsions. The technique relies upon the use of an acoustic interferometer to measure the small changes in sound speed that accompany a rapid hydrostatic pressure change of between one and two atmospheres. Average accuracies of 0.85% are attainable with this method. ¸
changes small enough to be potentially achievable using low-frequency acoustic "pump" waves.
I. MEASUREMENT SYSTEM
The apparatus was designed to measure the acoustic nonlinearity parameter B/A with an accuracy of 1% as a material is subjected to a maximum static pressure variation of less than 2 atm (gage pressure). A further design goal was that the material be subjected to no temperature excursions during measurement that might alter its chemical or physical properties.
The method presented here uses an acoustic interferometer to measure the very small changes in acoustic phase speed that occur when the pressure in the propagation medium is changed adiabatically. This change of sound speed for a given change of pressure is proportional to B/A through the relation 2ø
•=2p0c0 •2p0c0 , For instance, a change in temperature of 0.0024 øC will result in a change of sound speed in water of 0.001 m/s, which is the 1% resolution we seek to achieve. Using a Lauda/ Brinkmann B-2/RC-3B temperature bath, we were able to control temperature in the sample material to about 0.001 øC for the duration of each measurement ( 
B. Ultrasonic interferometer
The PLR-1000 pulsed phase-locked-loop acoustic interferometer has been specially modified to send 20-cycle acoustic tone bursts at 5-MHz center frequency (the device usually operates at 1 MHz or lower). These tone bursts are emitted at an adjustable pulse repetition frequency (PRF), usually about 750 Hz. The 5-MHz center frequency was chosen to provide a good compromise between two undesirable effects: the decrease in interferometer phase sensitivity at lower frequencies due to there being fewer wavelengths traversing the sample, and the increase in sample acoustic absorption that would attend higher-frequency transmission.
Before commencing a data run, the user specifies a num- blocks are due to random fluctuations in s caused by electrical and thermal noise in the measurement apparatus. Thus s may be considered a random variable: s = S true -+-t/ , where Strue is a constant and n represents the contribution of random noise. The effect of the noise on the values of s i should be to increase the apparent spread of these values, but not to alter their mean value (i.e., n is presumed to be a zero-mean random variable). Therefore, according to the method of maximum likelihood, the best estimate of S true that we can obtain from a data run is the weighted mean • of all the s i in the data run. This weighted mean is given by Bevington as
where, as before, the weighting function is just the inverse 
III. PROCEDURES AND RESULTS
In this section we present the results of measurements made on various aqueous buffered solutions, protein solutions, lipid suspensions, and pure lipid oils using the measurement system described above. We also constructed protein-water-oil emulsions to act as tissue-mimicking phantoms for use in comparing various mixture methodologies. •5
A. Buffered aqueous solutions
Several types of additives, dissolved in the water, can help control the form of mixtures of water, protein, and fat used as tissue-mimicking phantoms. Table I lists Table II . Since the molecular structure changes drastically when a protein is denatured (all but the primary structure of the protein is removed), it is surprising that the measured parameters change so little. Similarly, the bulk properties of gelatin were investigated as the gel cooled and set (gelling is a function of both temperature and time). We were interested in determining whether the reversible cross linking of the protein molecules resulted in a measurable change in the B/A value of gelatin. Table II 
C. Lipid oils and fats
Lipid oils possess no vesicle structure but share many characteristics with the complex fats found in animal tissues. They are inexpensive and available in a pure form so that concentrations of 100% oil could be measured (as opposed to the relatively low concentrations of lipid concentrate which may be suspended in water). Table III lists B/A measurements of various plant oils, fish and animal oils, petroleumderived oils, and synthetic oils using the isentropic phase method described above. We have also included measurements made on chicken fat for comparison with the lipid-oil data. Chicken fat was acquired by boiling chicken skin in water, skimming off the resulting oily layer, and filtering it to Table IV. The phantoms made for this investigation were simple emulsions of lipid oils in an aqueous solution. The aqueous solutions consisted of distilled water (phantoms 1-6), or 0.1-M MOPS buffer with a dissolved protein, BSA (phantoms 7-10). In phantoms 1-4, a 1% (by volume) concentration of Surfynol © 465 surfactant was dissolved in the distilled water prior to the addition of the mineral oil. This surfactant helped to prevent oil-droplet coalescence, but was not required in the phantoms containing BSA since this protein has its own surfactantlike properties. Micron-sized oil droplets were produced in these emulsions by sonicating the The phantoms after sonication, contained oil droplets ranging in size from less than 1 to 30/.tm. Although negligible coalescence of the droplets takes place over periods of 12 h or more, buoyancy forces acting on the individual droplets gradually cause them to rise against gravity. This effect, known as "creaming" (in the case of oils) or "sedimentation" (in the case of particles), results over time in a separating of the emulsion into a concentrated layer of many oil droplets and a layer of mostly water (or protein solution). An emulsion in a gravitational field will cream or sediment at a rate given by 3ø
9r/ where r is the mean droplet radius, •7 is the bulk viscosity of the continuous phase (e.g., •7 for water •0.01 P), g is the local gravitational acceleration, and the subscripts 1 and 2 refer to the droplet and host properties, respectively. For our emulsions, the creaming rate was approximately 3.2 /.tm/s, and since the sample can in our measurement cell is approximately 3 cm tall, full separation in the can was expected to occur in approximately 2.6 h. This time scale was verified by direct observation of the phantom in the (transparent) measuring cell. Any differences between data collected on a newly sonicated emulsion and data collected several hours later therefore would be expected to result from the change from a fine mixture to a layered one. As discussed elsewhere, •5 these differences have implications for the comparison of the mixture laws of Apfel, •3 which are developed for fine mixtures, and those of Sehgal et al., 1ø which apply to mixtures with layered components (i.e., "coarse" mixtures).
Three of the phantoms were not sonicated. Phantoms 5, 6, and 8 were dilutions of a commercially available siliconeoil emulsion, SM2162 (General Electric Company), which is composed of water, GE Silicone Oil SF96 (350), and a proprietary surfactant. Because the silicone-oil droplets in this emulsion are nanometer sized (produced via a proprietary preparation process), Brownian motion is sufficient to keep the droplets from rising. The emulsion is thus permanently homogenized and does not cream.
The maximum oil and protein concentrations we could measure were limited by the acoustic attenuation of the mixture. Since an acoustic impedance mismatch exists between the droplet material and the continuous phase, isotropic scattering of acoustic energy could occur even for droplets much smaller than an acoustic wavelength. Relaxation processes originating at the interface between the two phases, especially differential viscosity, may also contribute to acoustic absorption. Table V lists measurements made on the phantoms in   Table IV soon after the mixture was made. In all cases, the relative mixing of the oil and water components was uniform on the scale of an acoustic wavelength (300/.tm) during the measurement period. (phantoms 1, 2, 3, 4, and 7 The apparatus and procedures described here have been applied successfully to the measurement of the acoustic nonlinearity parameter B/A for a range of organic and aqueous solutions. The technique provides average measurement accuracies of 0.85% for the materials measured in this study and does not subject the measured sample to wide extremes of temperature and pressure. While not suitable for direct application to in vivo measurement of biological tissues, the method demonstrates the feasibility of accurate B/A measurement using small induced pressure variations.
E. Finely mixed emulsions

F. Coarsely mixed emulsions
